We used a systems science perspective to examine adolescents' personal networks, school networks, and neighborhoods as a system through which emotional support and peer influence flow, and we sought to determine whether these flows affected past-month smoking at 2 time points, 1994-1995 and 1996. To test relationships, we employed structural equation modeling and used public-use data from the National Longitudinal Study of Adolescent Health (n = 6504). Personal network properties affected past-month smoking at both time points via the flow of emotional support. We observed a feedback loop from personal network properties to emotional support and then to past-month smoking. Past-month smoking at time 1 fed back to positively affect in-degree centrality (i.e., popularity). Findings suggest that networks and neighborhoods in this system positively affected past-month smoking via flows of emotional support. (Am J Public Health.
We used a systems science perspective to examine adolescents' personal networks, school networks, and neighborhoods as a system through which emotional support and peer influence flow, and we sought to determine whether these flows affected past-month smoking at 2 time points, 1994-1995 and 1996 . To test relationships, we employed structural equation modeling and used public-use data from the National Longitudinal Study of Adolescent Health (n = 6504). Personal network properties affected past-month smoking at both time points via the flow of emotional support. We observed a feedback loop from personal network properties to emotional support and then to past-month smoking. Past-month smoking at time 1 fed back to positively affect in-degree centrality (i.e., popularity). 1 Smoking prevalence among adolescents is currently estimated to be around 23%, 1 posing ongoing challenges for tobaccocontrol efforts. Several streams of literature suggest that adolescent smoking is inextricably connected to the social context in which it occurs. Literature shows that an adolescent's smoking behavior will tend to be similar to that of his or her peers. [2] [3] [4] [5] [6] There is a longstanding debate over why this similarity occurs; some studies suggest that it is caused by peer influence on an individual adolescent's smoking, 7, 8 whereas others suggest that it is caused by the individual's selection of smoking peers, 8 and still others attribute the cause to both influence and selection. 2 Some of the literature implicating adolescents' social contexts in their smoking behavior examines youths' social networks of friends and peers from a structural perspective. Such studies focus on how structural and positional characteristics of these networks relate to adolescent smoking. Structural characteristics reflect information about linkages among individuals, and positional characteristics indicate the significance of occupying different network positions. In general, studies find that isolated youths are likely to smoke, although some studies have found that popular youths are likely to smoke. [3] [4] [5] [9] [10] [11] [12] Implicit in each study is the notion that adolescents' social context of friends and peers plays a critical role in their own smoking behavior. Given the relevance of adolescents' social context to their smoking behavior, it is important to understand how to conceptualize and measure this context. Previous research has used ecological models to inform the theoretical specification of the context of adolescent smoking and other substance-use behaviors. 13 Ecological models allow this context to be theoretically partitioned into levels of influence. Although there are valuable insights yet to be gained from such models, more theoretically informed research is necessary to elaborate the complexity of the social context of adolescent smoking. Moreover, because various theories are often integrated at different levels in such models, it is difficult to ensure that conceptual coherence is achieved across and within levels, given the possibility that the theories applied at each level make incongruous assumptions.
Furthermore, such models do not provide specific guidance about mechanisms through which levels of influence relate to outcomes such as adolescent smoking. There is a need for theoretical models that more specifically and holistically elaborate features of the social context of adolescent smoking and how they act in concert.
A SYSTEMS MODEL OF THE CONTEXT OF ADOLESCENT SMOKING
In this study, we incorporate valuable insights from ecological models that theoretically partition the environment into levels of influence to frame the social context of adolescent smoking as a complex social system. We employed a systems science 14 approach in conceptualizing the social context of adolescent smoking, which emphasizes interdependence in complex relationships among people or organizations. 15 The defining features of systems are (1) parts or components yielding a whole that is greater than the sum of the parts, (2) inputs and flows coursing through a system, and (3) feedback loops linking parts of a system. Such system features hold promise for informing theoretical models that elaborate adolescents' social networks, the dimensionality of their social relationships, and the interdependence among levels of influence within their social context. We conceptualized 3 key structures in the social environment of adolescent smoking as structural components defining the system under study: (1) personal networks of friends, (2) school networks, and (3) neighborhoods. School networks were defined as whole networks of all students in a school and the social ties among them. These networks were constructed from adolescents' nominations of up to 10 friends from a roster listing all names of adolescents in their own high school and a geographically proximal ''sister'' junior or senior high school. Adolescents' personal networks were subsets of whole school networks and comprised friends nominated within their schools and their friends' ties. The neighborhoods under study were the physical areas where the adolescents lived. We investigated how characteristics of these 3 structural components influenced adolescent smoking via flows of 2 social processes: emotional support and peer influence ( Figure 1 ). We hypothesized that these social processes were mechanisms through which the structural components under study influenced smoking.
In this introduction, we focused on the paths of main theoretical interest depicted in this model; we refer to the other constructs in the Methods section only. Throughout this article, we present the model, findings, and discussion of the results in terms of the causal directionality assumed in our model, but only for ease of exposition and not for the purpose of making any causal claims.
THE ROLES OF NETWORKS AND NEIGHBORHOODS
For this study, we focused on properties of personal and school networks that are relevant to the flow of network resources throughout the larger system under study and that have been related to adolescent smoking. Network ties carry resources that flow through a network and are exchanged by network members, such as social influence and social support. At the personal network level, conceptualized at the level of the adolescent, we focused on (1) adolescents' popularity, or their in-degree centrality; (2) whether their friendships are mutually reciprocated; (3) personal network density, or the extent to which those named in adolescents' networks know one another; (4) the social distance between adolescents in their networks or the number of path lengths between them, which are relationship ties linking individuals in a network 16 ; and (5) the number of people they nominated as friends outside of their schools.
At the school network level, we focused on the network properties of size, density, and the mutuality of ties, all of which may affect smoking behavior. 17 Size refers to the number of students in a school, density is the extent to which students know one another in a school, and mutuality is the extent to which youths' relationships are mutually reciprocated within the broader school context. School-level network characteristics may affect the structure and positional attributes of personal networks as largerscale versions of these constructs. The theoretical intuition underlying each of the aforementioned network properties is what makes them relevant to adolescent smoking from a systems perspective. Popular youths are directly connected to many others and can quickly and disproportionately transmit and receive network resources, such as support. Being central or popular in networks is positively related to smoking among youths. 11, 12 Having reciprocated friendships may facilitate the flow of network resources throughout a network, as resources are likely exchanged in mutual friendships, both in personal networks and in school networks. One study found that adolescents with reciprocated ties with a best friend were less likely to smoke at age 11 and 13 years than those without such ties. 4 Personal network density reflects the extent to which those in an adolescent's personal network know one another. The density of ties, either in personal networks or whole networks, likely plays a role in the flow of resources throughout a network by binding people together and strengthening adherence to pervasive norms and beliefs. Dense ties can also limit the inflow of resources from outside a network. Adolescents aged 15 years who had dense local networks were found to have lower odds of recent smoking. 4 If adolescents are close to one another in a network-that is, if path length is low-then social influences and network resources may be easily transmitted because the probability of transmission decreases over longer path lengths. 18 Previous research has found that adolescents who were socially proximal to a smoker had increased odds of smoking. 4 Lastly, the number of people youths nominated as ''friends'' outside of their schools captures relationships that either reinforce or attenuate the effect of social influences from in-school friends, depending on the types of influences exerted by each of these friends. There is evidence that 
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having ties to friends from outside one's school is positively related to adolescent smoking. 4 Although previous research offers insight into how each of these network properties relates to adolescent smoking, smoking behavior may affect the structure and position of individuals in a network via network processes such as influence, social support, and selection. We explored this notion in our study by positing feedback pathways from smoking to the network characteristics under study.
Finally, we took adolescents' neighborhoods into account, utilizing insights from social disorganization theory. 19, 20 This ecological theory posits that the key structural characteristics of economic disadvantage, racial/ethnic heterogeneity, and residential instability lead to an overall milieu of social disorganization within certain neighborhoods, giving rise to higher levels of delinquency. In such neighborhoods, this disorganization limits residents' ability to provide the informal social control that would otherwise reduce adolescents' delinquent behavior. Although the bulk of research using this theory has focused on the generation of criminal forms of delinquency, [21] [22] [23] recent research has tested whether these structural characteristics also increase the delinquent behavior of cigarette smoking.
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EMOTIONAL SUPPORT AND PEER INFLUENCE AS SYSTEM FLOWS
To study how the structural components of interest exert influence on adolescent smoking, we hypothesized that 2 social processesemotional support and peer influence-may be mechanisms through which properties of these structural components influence adolescent smoking. Emotional support relates to health through both direct effects and buffering effects. 27 Social support may be a pathway linking social networks and health indicators; studies have related structural network characteristics to health via emotional support and social influence processes. 28 The findings of previous research highlight the need for future work to focus on how social influence mechanisms may mediate the relationship between social networks and health, [28] [29] [30] particularly the association between certain types of supportive networks and health-compromising behavior. 31 Therefore, we focused on emotional support-which generally extends to feelings of closeness, encouragement, and belonging
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-and peer influence, narrowly defined as the influence exerted by adolescents' friends who smoke, as mechanisms linking social network ties and adolescent smoking. Although more inclusive conceptualizations of peer influence exist, we focused only on the influence derived from adolescents' friends who smoke because they may be particularly proximal to and relevant for adolescents' smoking behavior.
Studies have found that emotional support is positively associated with smoking. 33 Perhaps the closeness generated from an emotionally supportive tie reinforces social bonding as friends smoke together. An analogous finding comes from the injection drug use literature, which has shown that the provision of emotional support in relationships mediated the association between closeness of ties and needle sharing. 34 Among injection drug users, needle sharing behavior was likely a symbolic act of solidarity, exclusivity, and bonding. For adolescents, smoking behavior may carry a similar symbolic meaning related to social bonding, especially in the context of emotionally supportive and valued friendships. Moreover, in some friendships receipt of emotional support may be contingent upon engaging in a delinquent behavior because failure to smoke and being different from a friend on this dimension might be perceived as a strike against the friendship. It is not surprising that emotional support has potential to compromise health because previous research has indicated that social support can reinforce delinquent behaviors among youths and their network members via modeling processes. 35, 36 Beyond the effect of emotional support on smoking behavior, there is reason to expect that the network characteristics under study increase emotional support. It is likely that more central individuals are in a position to provide support to others or may be connected to others who could also provide support. 37 Likewise, mutually reciprocated ties, as well as the density of ties, 38 likely increase emotional support through increased closeness. Also, shorter path lengths in networks likely increase emotional support because being proximal to others may lead to the provision or receipt of more emotional support. The second social process hypothesized to potentially mediate the effect that properties of structural components have on smoking is peer influence. In this study, peer influence was conceptualized as the influence exerted by an adolescent's friends' smoking behavior on the adolescent's own smoking behavior. The positive relationship between peer influence and smoking is well-documented. 39, 40 Peer influence processes have been measured in relation to smoking in numerous ways, including the number of friends who smoke. 41, 42 Furthermore, studies have found that network characteristics affect the number of friends who smoke. For example, studies have found that reciprocity 43 and density of network ties are associated with greater peer influence, arguably through tightly binding people together in a network and amplifying social influence. 44, 45 It is also likely that peer influence is positively related to being central in networks, because highly central individuals can quickly receive and transmit influence, and to path length in networks, because social influences may be quickly transmitted if individuals are close to one another in a network. Although there is likely an influence effect of friends' smoking behavior on adolescent smoking, there is also likely a selection effect, in which persons who smoke are more likely to choose friends who also smoke. To the extent that having friends who smoke then affects one's position in the network, we suggest that there will be a feedback loop from personal network properties, to friends' smoking behavior, to smoking at wave 1 ( Figure 1 ).
In sum, we examined direct, mediated, and feedback pathways through which these structural components influenced smoking at 2 time points approximately 1 year apart via flows of emotional support and peer influence. Given the systems nature of the study, we examined a number of pathways in 2 categories: (1) direct pathways indicating how properties of personal and school networks and neighborhoods influenced smoking and (2) indirect pathways through which properties of networks and neighborhoods influenced smoking via emotional support and peer influence exerted by friends' smoking behavior. Last, we investigated 2 feedback loops: (1) a loop from network properties to emotional support, to smoking, and back to the network variables and (2) a loop from personal network characteristics to pastmonth smoking via friends' smoking.
METHODS
The data for this study were taken from the first wave of the National Longitudinal Study of Adolescent Health (i.e., Add Health), a schoolbased longitudinal study consisting primarily of in-school and at-home surveys. We also included a measure of smoking from the second wave of Add Health, which occurred 1 year after the first wave. The Add Health wave 1 surveys were administered to a nationally representative sample of students in grades 7 through 12 (and their parents) from September 1994 through December 1995; wave 2 surveys were administered from April 1996 to August 1996. We used Add Health's public-use data, which comprise a random sample of 6504 individuals from the full study. Social network measures are based on a network elicitation item asking a respondent to nominate up to 5 male friends and 5 female friends; respondents could name persons outside of their school. We also used contextual data from the 1990 US Census based on the 2407 block groups of residence in the sample (block groups had an average population of about 1100 persons in 1990). The design sampled first on schools and then on students within schools; the neighborhoods under study simply arose as a byproduct of this sample design because they were defined by where adolescents in the sample lived.
Measures
The measures used in the analyses are described in Table 1 , along with their summary statistics and the levels at which they were measured. To aid in identifying the model (described next), we also included 4 measures of smoking risk (measured at the individual level) that likely affected smoking behavior but not network characteristics. We included demographic characteristics that were likely related to our endogenous variables. We measured racial/ethnic heterogeneity on the basis of a dispersion formula:
where K is the number of groups, N 2 is the number of persons squared, and f k is the frequency of group k (D ranges from 0 to 1).
Structural Equation Modeling
We specified the 10 equations in our system as a series of simultaneous equations using structural equation modeling. Structural equation modeling is ideal for our approach because it allows the equations to be estimated simultaneously with a maximum likelihood estimator, and it allows reciprocal effects and feedback loops to be specified while appropriately accounting for possible endogeneity. We accounted for clustering within schools by computing robust standard errors. Although hierarchical linear models handle clustering, they cannot handle reciprocal relationships and feedback loops, given current software constraints. We estimated the model displayed in Figure 1 . Note that the exogenous variables are depicted on the left-hand side of the figure and are not predicted by any other variables. The other variables displayed in this figure are endogenous variables in our system (i.e., each is predicted by some other variable or variables). Each of these endogenous variables is represented by an equation based on our theoretical discussion above. For instance, indegree centrality is a function of the following equation:
where b 1 shows the effect of friends' smoking behavior on the in-degree centrality of the respondent, b 2 shows the effect of the respondent's past-month smoking on their own popularity, C 1 is a vector capturing the effects of the neighborhood variables on respondent popularity, C 2 is a vector capturing the effects of the respondent's demographics on his or her own popularity, C 3 is a vector capturing the effects of the school network variables on respondent popularity, and f 1 is an error term. Analogous equations can be written for the other endogenous variables.
We allowed for correlated errors among the personal network variables and between emotional support and friends' smoking behavior. We used various techniques to confirm that our model was identified (i.e., there are unique values for the parameters), including estimating models with varying starting values. 42 We also used the Sargan test to determine whether our instrumental variables were appropriate, and the test's nonsignificant results confirmed that these instrumental variables were indeed independent of the error term in these equations, as hypothesized. These instrumental variables explained a reasonable amount of the partial variance in the first-stage equation, which is an important indicator of their strength. Note that we cannot estimate the reciprocal effect of the selection-influence relationship between friends' smoking behavior and adolescent's past-month smoking because we do not have any plausible instrumental variables to estimate both of these paths. Thus, having friends who smoke likely increases an adolescent's past-month smoking, but those who smoke are also more likely to associate with friends who also smoke. Rather than simply assuming that the degree of association between these 2 constructs is entirely attributable to an influence effect, we adopted a novel technique to test the robustness of our system, assuming various values for the relative proportion of this relationship attributable to the selection effect. 46 We estimated models in which we fixed the selection effect at various values: (1) zero selection effect, (2) selection effect one third the size of the influence effect, (3) equal selection and influence effects, and (4) selection effect 3 times the size of the influence effect. This technique has only occasionally been employed. 46 Another advantage of structural equation modeling is that it allows us to test the overall fit of the model. Structural equation modeling allows the specification of a causal model, and it can then test how well the model represents the observed data as a test of causality, as has been described elsewhere. [47] [48] [49] This tests the similarity of the model's implied covariance matrix to the sample covariance matrix. Although a good model fit would be consistent with our theorized model, it is possible that other models that might be specified could fit these data equally well. Therefore, the causal conclusions must necessarily be tempered, despite the fact that the specified model is inherently causal. The comparative fit index of 0.998, the TuckerLewis index of 0.991, and the root mean square error approximation of 0.008 suggest an excellent fit for our model. 
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RESULTS
The summary statistics for the variables used in the analyses are shown in Table 1 . At wave 1, 70.5% of the entire sample had not smoked, whereas this figure was 67% by wave 2. The mean days of smoking per month for the entire sample increased from 4.9 to 5.2 over the 2 waves. We performed bivariate analyses on our key outcome measures and found that Whites smoked significantly more, on average, than did other groups (5.65 days per month), whereas Blacks and Latinos smoked significantly less (1.81 and 3.97 days per month, respectively; for all P values in this paragraph, P < .01). We also found that females smoked fewer days per month than did males (4.16 vs 5.39), as did those whose mothers had higher levels of education (3.11). The pattern is similar for friends' smoking behavior: Whites had more friends who smoked (0.87 friends who smoked), whereas Blacks (0.53), females (0.74), and those with more educated mothers (0.62) had fewer friends who smoked. For emotional support, we found that Whites and females had more (38% and 44% of their friends provided emotional support, respectively), whereas Latinos (30%) and Blacks (31.5%) had less. Finally, Whites had higher indegree centrality (named by 5.95 ties), as did females (5.73 vs 5.35 for males), whereas Blacks (5.06) and Latinos (4.77) had fewer social ties.
The results for our full simultaneous equations model are displayed in Table 2 . Given the complexity of the results, we will now focus on key findings based on our theoretical discussion, beginning with the system component of school network measures. School networks with greater density and mutuality increased the likelihood that the respondents' personal network would have greater density and reciprocity (P < .01; Table 2 equations 1 through 3). Respondents in school networks with more density (b = 0.289; P < .01) and mutuality (b = 0.714; P < .10) had greater in-degree centrality. Results for equation 6 in Table 2 show that adolescents in the largest and smallest schools received the fewest nominations. When we took the first derivative and set it equal to zero, we found that students in schools with about 1580 students had the largest in-degree centrality (size = -[0.766/ (-0.243*2)] =1.576), whereas students in smaller and larger schools had fewer nominations. Although there was no evidence that these school network measures directly affected adolescents' past-month smoking (on the basis of ancillary models not presented, in which we added these variables to Table 2 equations 9 and 10), adolescents in larger school networks did have fewer friends who smoked (b = -0.251; P < .01; Table 2  equation 7) .
For the structural component of neighborhood properties, adolescents from block groups with more economic resources had more ties outside the school (Table 2 equation 5) and higher mean distance to reachable people (Table 2 equation 4). Neighborhood economic resources had a curvilinear relationship with the density of personal networks and friends' smoking behavior: the peak density of personal networks occurred in neighborhoods with median home values of approximately $151000, which were somewhat above average (value = -[0.106/(-0.035*2)] =1.514). By contrast, the number of smokers in adolescents' networks was lowest in middle-class neighborhoods. Residential stability had a direct negative effect on in-degree centrality (b = -0.081; P < .01) and increased past-month smoking (b = 0.120; P < .05; in Table 2  equation 9) .
Regarding the role that emotional support plays in the system, results for Table 2 equation  8 show that several personal network characteristics affect the amount of emotional support. A 10% increase in in-degree centrality led to a 0.087 proportionate increase in persons providing emotional support. Likewise, those with more ties outside the school, and those with reciprocation from the best friend (especially females), received an increased amount of emotional support. Only personal network density showed a negative effect on emotional support.
There is also evidence that adolescents with more emotional support engaged in more Note. Selection effect of friends' smoking on individual smoking is fixed at same size as influence effect on individual smoking. Models were estimated using maximum likelihood estimation, with standard errors corrected for clustering within schools. *P < .05 (1-tail test); **P < .05 (2-tail test); ***P < .01 (2-tail test).
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past-month smoking. This effect was positive (0.381) in the equation predicting past-month smoking at the same time point (Table 2  equation 9) , and in Table 2 equation 10 for past-month smoking at the next time point (0.66), even after control for past-month smoking at the previous time point. This implies that emotional support plays a long-term role in mediating the relationship between the various personal network measures and smoking the following year. For example, those with more social ties inside and outside the school, and those with reciprocated ties with their best friend, had more emotional support, which led to more smoking 1 year later. There is little evidence that friends' smoking behavior mediated the relationship between personal network measures and past-month smoking. On the one hand, friends' smoking behavior increased past-month smoking (Table  2 equation 9 ) and past-month smoking at the next wave, after control for time 1 smoking (Table 2 equation 10) . Each additional friend who smoked increased the number of days smoked per month by 77%. On the other hand, there is evidence in Table 2 equation 7 that those who were more popular (i.e., those with high in-degree centrality) had more friends who smoked. The other network measures had no effect on friends' smoking behavior.
Although there is little evidence that these personal network measures increased friends' smoking behavior, there is evidence in Table 2 equation 6 that the popularity of adolescents (in-degree centrality) was affected both by their own past-month smoking and by their friends' smoking behavior. A 1% increase in pastmonth smoking increased in-degree centrality by 2.3% (b = 0.023: P < .01). However, there was a countervailing effect if one had friends who smoked: each additional friend who smoked reduced in-degree centrality by 15.3% (b = -0.153; P < .01). There is little evidence that past-month smoking or friends' smoking behavior affected the other personal network measures (Table 2 equations 1 through 5) .
We performed sensitivity tests of our model. As described already, we set the parameter for the effect of adolescents' past-month smoking on friends' smoking behavior to various values and assessed the robustness of the system. In short, the system appeared to be relatively robust, regardless of the ratio of influence to selection. For example, the effect of adolescent past-month smoking on in-degree centrality was 0.014 if we assumed no selection effect, 0.018 if 25% of the relationship was attributable to selection, 0.023 if 50% was attributable to selection, and 0.030 if 75% was attributable to selection (for all effects, P < .05). Likewise, the effect of friends' smoking behavior on indegree centrality ranged from -0.128 to -0.171 (for all effects, P < .05). The other parameters in the model showed even more stability over these various parameterizations, indicating that our results are robust regardless of the portion of the relationship that was attributable to selection and the portion attributable to influence.
We also assessed whether emotional support and friends' smoking worked multiplicatively at the level of social ties. We tested this by constructing a measure that multiplied the emotional support score and the smoking behavior for each of an individual's friendship ties and then computing the average of these values among the ties of an individual. In ancillary models including personal and school network measures and demographics, we tested the effect of this variable on past-month smoking behavior at time 1 and time 2 and found no significant effects (results not presented; available upon request). Finally, we estimated a school-level fixed-effects model to control for unobserved differences across schools, and the substantive results were very similar to those presented in the text (results available upon request).
DISCUSSION
Our findings indicate that when a system of pathways between characteristics of personal networks, school networks, and neighborhoods is taken into account, together with its constituent flows of emotional support and the influence exerted through friends' smoking behavior, important insights into the complexity of the social context of adolescent smoking can be gained. Personal network characteristics-being central in a network, having ties outside the school, having a best female friend reciprocate friendship, and the density of ties-influenced the flow of emotional support, which in turn influenced past-month smoking at both time points. We found that although the flow of influence from friends' smoking behavior was not affected by personal or school-level network characteristics, it did affect past-month smoking. Findings pertaining to the school component indicate that school-level density and size affected personal network characteristics, density, reciprocation of ties from best female friend, mean distance to reachable people, in-degree centrality, and number of nominations outside of respondents' schools. Findings related to the neighborhood component of the system indicate that median home value negatively affected past-month smoking at time 1. Neighborhood characteristics also affected network characteristics, including density, reciprocation, and ties outside the school. Findings indicate a feedback loop from personal network characteristics, to emotional support, to past-month smoking, and then back to personal network characteristics, including the provocative finding that past-month smoking affected in-degree centrality.
Our finding that personal network characteristics increased emotional support, which then increased past-month smoking, supports previous research identifying emotional support as a mechanism through which networks relate to health and to risk behavior. 29, 34 These findings were not surprising because being central in a network likely affords opportunities for giving and receiving emotional support. Second, having friendships outside of school may increase the number of friends an adolescent has, thus increasing the probability of receiving support from any one friend, and may also suggest that friends outside of school are close friends who provide emotional support. Third, having a female friend reciprocate friendship may increase the emotional support exchanged in a mutually reciprocated friendship tie, given that females may often be viewed as sources of emotional support. Last, the negative effect of density on emotional support may be explained by the numerous relationship obligations and constraints that densely connected ties can impose, constituting a great demand on one's personal resources. Moreover, if density of ties limits the resources entering from outside the network, this can further limit the amount and diversity of personal resources to expend as emotional support to others. It is notable that the only school-level characteristic to increase emotional support was the mutuality index. Perhaps a whole network structure with a large proportion of mutually reciprocated ties increases the possibility that emotional support will be exchanged in any one of these close ties. We observed that neither school-level density nor size had an effect on the flow of emotional support; the former finding is consistent with the idea that density may limit support in a network. The latter finding may indicate that larger schools promote anonymity and consequently fewer support resources, leading to more diffuse networks and fewer close and supportive ties.
Our finding that emotional support influences past-month smoking at both time points is consistent with previous work showing that emotional support positively relates to smoking. 33 Perhaps the effect between emotional support and smoking is more likely to occur between close friends in emotionally supportive relationships. The persistence of this relationship at the second time point may indicate its strength and stability over time.
Although we found modest effects for our neighborhood component, findings of note were the curvilinear relationships that neighborhood economic resources had with the density of personal networks and with friends' smoking behavior. Adolescents living in middle-income neighborhoods had networks with the highest density, suggesting a relative cohesion among their personal ties. At the same time, adolescents in middle-income neighborhoods had the fewest smokers in their networks, suggesting a relatively low effect from influence of friends' smoking behavior. It is notable that adolescents in both low-and highincome neighborhoods had networks with more smokers than adolescents in middle-income neighborhoods.
Friends' smoking behavior was not affected by any of the network characteristics under study, but it did increase past-month smoking at the first time point. The lack of any effects of network characteristics on friends' smoking behavior suggests that although these characteristics may be important for promoting smoking behavior among youths, 11, 12 they are not important for the smoking behavior of youths' friends. This finding runs counter to the many studies indicating homogeneity in the smoking status of friends. The findings that friends' smoking behavior reduced both in-degree centrality and best male friend reciprocation suggest that having friends who smoke actually decreases popularity and the reciprocation of friendship ties. Overall, such findings suggest that having friends who smoke was not well received among the greater social milieu of youths in our study. Our findings suggest evidence of a feedback loop: personal network characteristics increased the emotional support received by adolescents, which then appears to have led to more smoking at both waves. In addition, adolescent smoking at time 1 flowed back in the other direction through the system by bringing about more friends who smoked (through a selection effect) and then leading to greater in-degree centrality. This greater in-degree centrality and greater distance to reachable people then led to more emotional support, and thus the loop begins again. Our findings are indicative of a feedback process that encompasses the amplifying effects of personal network characteristics on emotional support, the reinforcing effect of emotional support on smoking, and the effect of smoking on popularity and distance to reachable others. Such a ''reinforcing'' loop might suggest that smoking brings social gains in the way of emotional support and popularity in the social system under study.
Our findings also have implications for extant and future studies that employ the general strategy of examining relationships between network characteristics and smoking among youths. Previous research found a positive association between the popularity of students (as measured by in-degree centrality) and adolescent smoking, and it has been assumed conceptually that the direction proceeded from popularity to smoking, 12 but we have specified a system that allows this directionality to proceed in either direction. As a consequence, we were able to detect more evidence that smoking behavior and peers who smoked affected one's popularity, rather than the reverse. This finding has the potential to inform future models used to investigate the relationship between in-degree centrality and smoking among youths. More broadly, this finding suggests that a social behavior-cigarette smoking-could alter an important positional attribute of a social network. It is notable that the individuals who showed a relatively high degree of autonomy-in that they smoked, but did not hang out with fellow smokers-were the most popular, based on indegree centrality. Alternatively, smokers who affiliated with friends who smoked were generally no more popular than average adolescents. Our findings suggest the need to examine how the pathways represented in the systems model under study might differ across gender and racial/ethnic groups, given the possible group differences. Also, future studies should examine how other types of social support, such as confidant support, might function in lieu of emotional support in our study model. Confidant support has been associated with positive health outcomes 50, 51 and is relevant given the notable effects of reciprocated ties and emotional support, both likely characteristics of a confidant relationship, on adolescent smoking in this study.
Limitations
Our study has some limitations. First, the network elicitation items were limited in the number of friendship nominations. Capping friendship nominations is a common strategy, though it is a potential drawback among studies utilizing network generator items. It remains unclear how social position and network structure would differ if the number of nominations were not capped at this level. Second, network data were not collected for the full national sample at wave 2; therefore, we could not account for network variables at time 2 in our models. It is unclear how the inclusion of these variables might have changed our results. Future studies should include network variables at multiple time points, to permit observation of the evolution of the system. Third, because we conducted a secondary analysis, we were restricted in the types of network variables, social processes, and outcomes available for study. Nevertheless, we investigated theoretically informed pathways composing a larger system of adolescent smoking. Lastly, what constitutes a friendship tie is of note here because it is unclear whether there was uniformity in the strength, duration, and frequency of contact in friendship ties.
Implications for Prevention
In spite of these limitations, our findings provide insight into the importance of the strength of reciprocated friendships and the emotional support they can transact to help adolescents support each other in remaining nonsmokers or in quitting smoking. These friendship pairs could be targeted for a schoolbased intervention, either to help both adolescents in a pair remain nonsmokers or so that they could help each other stop smoking. This could be done by teaching youths in these pairs how to use emotional support as reinforcement for helping one another remain nonsmokers (among nonsmoking pairs) and for considering quitting (among smoking pairs). Second, adolescents could learn self-regulatory techniques (e.g., journaling) to help one another identify cues in the social environment that elicit interest in smoking or smoking associations. All participating adolescent pairs could form task forces in schools and lead smoking awareness campaigns. Reciprocated relationship pairs would become a channel through which antismoking messages permeate personal and school networks.
Findings suggest the need to target adolescents who smoke, have nonsmoking friends, and are not yet popular. Research suggests that popular youths can set norms in a school context. 12 A corollary is that if popular youths smoke, others will emulate them. Building on previous research 12 suggesting that popular youths will need to adopt antismoking norms in order for programs to become effective, we suggest that interventions should target youths who smoke before they become popular. Perhaps these youths are not yet frequent smokers, given that they affiliate with nonsmoking friends, and thus may be tolerant of antismoking norms. Such adolescents could be educated about the risks of smoking with the hope that they would adopt antismoking norms, which their nonsmoking friends might reinforce. This intervention would be disseminated through adolescents' personal networks and would have the potential to solidify antismoking norms over time, as these messages spread from personal to school networks. This study demonstrates the merit of using a systems science approach to conceptualize complexity in the social context of adolescent smoking. We found evidence of direct pathways and feedback processes. Emotional support was a pathway linking personal network characteristics and past-month smoking, but the peer influence process of friends' smoking behavior was not. We found evidence of a feedback process, as past-month smoking had a direct effect on the popularity of students (in-degree centrality). Overall, our findings suggest complexity in the social context of adolescent smoking and the need for theory to account for it. j
